The quality of groundwater is poorly understood in the arid northwest part of Rajasthan, whereas it is the only source of drinking and irrigation and the residents consume it without any prior treatment. This study illustrates the qualitative analysis of groundwater and its suitability in the bulk samples collected from three different canal catchment areas. Most of the samples were identified for higher values of EC, TDS, TH and fluoride, therefore considered posing restriction to drinking use. The abundance of major ions was found in the order of Na
Introduction
Groundwater is a life-sustaining resource that plays a central part in irrigated agriculture and influences the health of many ecosystems. But unsustainable depletion of groundwater has been documented on both regional and global scales (Rodell et al. 2009; Gleeson et al. 2012; MacDonald et al. 2016 ). The quality of groundwater is equally important to its quantity owing to the suitability of water for various purposes (Kumar et al. 2009; Subramani et al. 2005) . In recent years, intensive agricultural activities, domestic and industrial discharge, over-exploitation, uneven rainfall and mismanagement of groundwater have raised serious concern regarding groundwater contamination (Jain et al. 2010; Salifu et al. 2013; Fianko et al. 2010) . The World Health Organization reports that every year more than 3.4 million people die as a result of water-related diseases and a leading cause of death around the world.
Agriculture is demographically the broadcast economic sector and plays a significant role in the overall socioeconomic growth of India. The agriculture growth rate in India GDP has been growing earlier but in the last few years it is constantly declining as 5.0, 1.7, 3.8 and 1.1 in 1996-2000, 2001-2005, 2006-2010 and 2011-2015, respectively . The improvements in irrigation, infrastructure, quality seeds, innovative mechanization, chemical fertilizers and pesticides have helped India to make it seventh largest agricultural exporter worldwide. But, on the other side, massive use of chemical fertilizers and pesticides deteriorated both groundwater quality and soil health (Arumugam and Elangovan 2009; Kurdi et al. 2013; Rajmohan and Elango 2005) .
Suitability of groundwater for domestic and irrigation purposes is determined by its groundwater geochemistry because each groundwater system has a unique chemical composition and any alteration depends on several factors such as rock-water interaction, mineral dissolution, soil-water interaction, interaction time, temperature and anthropogenic activities (Back and Hanshaw 1965; Drever 1988; Stallard and Edmond 1983; Subba Rao et al. 2002) . In order to prevent water-borne diseases, damage to sensitive crops and soil health, groundwater quality measures should be ensured (Sarkar and Hassan 2006; Bauder et al. 2004; Little et al. 2010) .
The northwest part of Rajasthan state in India has been selected for the present study. Although three canal systems (Indira Gandhi (IGNP), Bhakra and Gang Canals) are available in the region, an insufficient water supply of canal water and low rainfall made localities depend on the groundwater. Agriculture and livestock are the most common economic activities in the study area; therefore, a hydrogeochemical investigation was carried out to identify groundwater chemistry and its suitability for irrigation and drinking purposes.
Study area
The study area is comprised of northwest part of Rajasthan, located between 28.4°-30.3° north latitude and 72.3°-75.3° east longitude and at an altitude of 175.6 m above mean sea level. To assess groundwater resources and the possibilities of their utilization, this part has been classified under arid climatic region. Rainfall is the main source of annual replenishing groundwater resource which is scanty and mostly up to 0.025 m in the region. The general trend of the slope in the region is from the northeast to southwest. The presence and availability of groundwater vary greatly with changes in topography, subsurface geology and the prevailing climate in the region.
Geology of the region is marked by a thick cover of blown sand and alluvium except for a few isolated patches of recent calcareous and sandy sediments associated with gypsum. The oldest rocks in the area belong to the Aravalli subgroup which includes phyllite, shale and quartz veins. These are overlain by the rocks of upper Vindhyans which are entirely made up of bright to pale red, fine-and medium-grained compact sand stone and silt stone. The windblown sand mainly consists of quartz with minor biotite and magnetite. Gypsum-rich beds are found in shallow depression surrounded by sand dunes. Apart from this, scattered occurrences of saltpeter are seen in number of intradunal basins. The northern part of the area is characterized by arid soils which are light yellowish brown to pale in color. The presence of calcareous concretions has been noticed in the depth range of 75-100 cm. Soils are deep and moderately drained. Permeability is moderate to moderately slow, and water holding capacity and natural fertility are generally poor. Loamy sand and sandy loam are the predominant types of soil met within this soil group. At places, patches of sand also occur. The southern portion of the region is characterized by desert soils, which are very pale brown to yellowish brown in color and are generally devoid of lime concretions. Soils are generally well drained to excessively drained and have low moisture holding capacity and high permeability. The principal aquifer in the region is alluvium comprising sand, silt, clay and gravel. Groundwater occurs under both water table and confined conditions. The thickness of shallow water table aquifer varies from a few meters to about 80 m. Confined aquifer is found both in alluvium and under lying sandstone and depth ranging from 90 to 100 m.
Porosity, hydraulic conductivity and transmissivity are some important physical concepts to understand the degree to which a body of rock or sediment will function as a groundwater resource. Porosity does not tell the entire story about the availability of groundwater in the subsurface. The pore spaces must also interconnect and be large enough so that water can move through the ground to be extracted from a well or discharged to a water body. The term 'effective porosity' refers to the degree of interconnectedness of pore spaces. For coarse sediments, such as the sand and gravel encountered in alluvial groundwater basins, the effective porosity is often nearly equal to the overall porosity. Specific yield is the fractional amount of water that would drain freely from rocks or sediments due to gravity and describes the portion of the groundwater that could actually be available for extraction. Lower porosity in the soil of study area makes excellent sources of groundwater because of the high specific yield, which allows the groundwater to flow to wells.
Another major property related to understanding water movement in the subsurface is hydraulic conductivity. Hydraulic conductivity is a measure of a rock or sediment's ability to transmit water and often used interchangeably with the term permeability. The size, shape and interconnectedness of pore spaces affect hydraulic conductivity. Hydraulic conductivity is usually expressed in units of length/time: feet/day, meters/day or gallons/ day/square foot. Hydraulic conductivity values in rocks range over many orders of magnitude from a low-permeability unfractured crystalline rock at about 10 −8 feet/day to a highly permeable well-sorted gravel at greater than 10 4 feet/day. Transmissivity is a measure of the aquifer's ability to transmit groundwater through its entire saturated thickness and relates closely to the potential yield of wells. Transmissivity is defined as the product of the hydraulic conductivity and the saturated thickness of the aquifer. The value of transmissivity in the study area is 375-723 m 2 /day. The agriculture is the main economic venture of this area. Two distinct cropping seasons, namely Kharif and Rabi, can be seen in the study area. Crops grown during the Kharif season include cotton, paddy, moong, guar, jowar, maize and groundnut. Similarly, wheat, gram, mustard, barley, sugarcane are grown during the Rabi season.
Methodology
A total of 300 groundwater samples were collected from privately owned hand pumps in canal catchment areas of Indira Gandhi (site 1), Bhakra (site 2) and Gang (site 3) during the pre-monsoon season. The geographical position and other details of sampling locations are presented in Fig. 1 . Samples were collected after 30 min of pumping and transferred into pre-cleaned polyethylene bottles of 1-L capacity and immediately measured for electrical conductivity (EC), pH and total dissolved solids (TDS) by digital meters. The collected samples were stored in iceboxes after filtration and brought to the laboratory within 24 h and then stored in a freezer at 4 °C for further chemical analysis. Water samples were analyzed for various chemical constituents using standard methods prescribed by the American Public Health Association (APHA 1989 (APHA , 1995 −2 ) were determined by spectrophotometric techniques. Various irrigation water quality parameters such as total hardness (TH), sodium adsorption ratio (SAR), percent sodium (%Na), residual sodium carbonate (RSC), residual sodium bicarbonate (RSBC), magnesium hazard (MH), Mg/ Ca ratio, Kelley's index (KI), permeability index (PI) and potential salinity (PS) were calculated using physicochemical analyses (Todd 1980; Hem 1985) .
The correlation of analytical data and classification for suitability were assessed by plotting different graphical representations like Piper (1944) , Wilcox (1955) Gibbs (1970) , Doneen (1964a) using Arc-GIS-9.3 and rockworks 16 software.
Result and discussion
Quantitative analyses of different physicochemical parameters are the prime factors to determine the quality of water. Analytical data for the various parameters are given in Tables 1, 2 and 3 for three different sites. To ascertain the suitability of collected groundwater samples for drinking and irrigation purposes was discussed separately on comparison with recommended standard values.
Drinking suitability
The adequacy of groundwater for domestic use is directly related to different physiochemical parameters and their concentrations. The mean values of different physicochemical parameters for three canal catchment areas are presented in Tables 1, 2 and 3. The pH of groundwater of all samples ranged between 7.0 and 9.62, which looks slightly higher than the limit described by WHO (6.5-8.5) (WHO 2011).
The maximum pH value (9.62 ± 0.27) was observed in the Paliwal-12 STB in Indira Gandhi Canal catchment area. All the water samples were designated to be neutral to alkaline in nature. Dissolution of gypsum present in aquifer rock is responsible for higher salinity.
The electrical conductivity (EC) of groundwater was in the range of 310-17,900 µS/cm. Most of the samples exceed the permissible level (3000 µS/cm BIS 2003) of EC. The sample collected from 56 LNP showed maximum EC (17,900 ± 5630) which directly indicates the presence of higher levels of cations and anions. The TDS values were remarkably higher and ranged between 219.88 and 6897.29 mg/l (56 LNP, Gang catchment). The samples collected from Gang Canal catchment had comparatively higher values of TDS which directly indicate the presence of high concentration of soluble salts and make water unsuitable for drinking (Hem 1985) . The excess TDS in groundwater enriches the soil salinity and also affects the physical properties and fertility of soil (Table 4) . Davis and De Wiest (1966) classified the water samples under different TDS conditions. In the study, most of water samples belong to hazardous level of TDS for domestic use of groundwater (Table 5) .
Total hardness (TH) of groundwater in this area was in the range of 35-4210 mg/l, and maximum reported sample was from 56 LNP in Gang Canal catchment.
The groundwater study for total hardness (TH) shows that the majority of the samples fall under the hard water category (Table 6 ).
The hardness of water is due to the presence of alkaline earths such as calcium and magnesium and exists in bicarbonate forms.
The The range of Na + and K + in the area varied from 11.5 to 1009.7 mg/l and 1.56 to 95.94 mg/l, respectively. Eighty percent of samples collected from Bhakra Canal catchment were exceeding the permissible limit of BIS 200 mg/l Na + , and maximum was reported in Bolanwali village in Bhakra catchment, whereas groundwater samples in Gang catchment were reported with higher levels of K + with maximum in 56 LNP. Although Na + and K + are naturally occurring ions in groundwater, domestic and industrial wastes are other contributors of these (Garg et al. 2009 ). Cation exchange reaction between Ca +2 and Na + also occurs naturally in the groundwater.
The relationship between elevated sodium intake and hypertension has been the subject of considerable scientific controversy. Excessive salt intake seriously aggravates chronic congestive heart failure, and ill effects due to high levels of sodium in drinking water have been documented. Infants with severe gastrointestinal infections can suffer from fluid loss, leading to dehydration and raised sodium levels in the plasma (hypernatraemia); permanent neurological damage is common under such conditions. Fluoride toxicity due to dissolution of fluoride containing rocks was a major concern in the area and few samples were reported for nitrate toxicity. One of the essential elements for maintaining normal development of healthy teeth and bones is fluoride. Lower concentrations of fluoride usually below 0.6 mg/l may contribute to dental caries. However, continuing consumption of higher concentrations above 1.5 ppm may cause dental fluorosis and in extreme cases even skeletal fluorosis. Concentrations of fluoride in samples taken from the study area varied from 0.5 to 8.0 ppm (site 1), 0.5 to 8.5 ppm (site 2) and 0.5 to 5.0 ppm (Site 3) with different mean values as shown in Fig. 2 (Chaudhary et al. 2008 (Chaudhary et al. , 2009 ). There may therefore be the likelihood of the risk of dental caries, suffered by people who depend on this water source for drinking. A high rate of evapotranspiration, longer residence time of waters in the aquifer zone, intensive and long-term irrigation and heavy use of fertilizers are the supplementary factors to further increase the F − content in the groundwaters (Subba Rao 2003) . Very high levels of F − and other physicochemical parameters were observed and discussed in the study conducted in different villages of Haryana (Meenakshi et al. 2004 ).
The Cl − content was observed in the range of 24.85-4487.2 mg/l, and maximum was reported in 56 LNP village in Gang catchment. Thirty-three percent of groundwater samples in Gang catchment and 23% in Bhakra catchment were found with exceeding level of Cl − prescribed by BIS 1000 mg/l. Only 8% of groundwater samples were having higher concentration of NO 3 − in all the samples, and maximum 278.68 mg/l was observed only in one water sample from Bhagwansar-chunavad 31GG (Gang catchment). NO 3 − is considered relatively non-toxic, but at the higher concentration in drinking water may cause methaemoglobinemia (in infants). Farmers have been using N-fertilizers in their fields, and leaching of NO 3 − through soil profile is the main reason of nitrate enrichment in the local aquifer as water infiltration rate is comparatively higher in this region (Chaudhary et al. 2010 ). The SO 4 −2 content varied from 0.48 to 190.08 mg/l, and all were within the permissible range as decided by WHO (400 mg/l) and BIS (200 mg/l). SO 4 −2 in groundwater mainly occurs due to sulfate mineral dissolution and sulfide mineral oxidation (Krouse and Mayer 1999) .
The abundance of major ions was found in the following order:
Thus, sodium and chloride ions were found to be comparatively higher in concentration and major cause of elevated levels of EC in the study area.
Hydrogeochemical facies
The piper diagram carried out by Rockworks16 software was used to identify the hydrogeochemical facies of groundwater in the three canal catchment areas of northwest Rajasthan. As shown in Fig. 3 , about 91% (site 1), 36.9 (site 2), 100 (site 3) of water samples fall in zone of no dominant cation type and 9% (site 1), 73.7% (site 2) of water samples fall in zone of Na + sodium type. For the predominate anion, it is clearly indicated that the chloride-type sample fallen in 68% (site 1), 84.2% (site 2), 84.2% (site 3) shows that the prominent hydrogeological facies followed by site 1 fall in mixed CaNaHCO 3 , CaHCO 3 , NaCl, CaMgClSO 4 ; site 2 water samples fall in CaCl, NaCl, NaKClSO 4 ; site-3 water samples fall in CaCl, CaMgClSO 4 ( Table 7 ). The diagram also shows that there are different water types present in the groundwater systems. These trilinear diagrams are beneficial in bringing out chemical relationships among groundwater samples rather than plotting methods (Piper 1944; Back and Hanshaw 1965) .
Irrigation suitability
Irrigated agriculture is dependent on an adequate water supply of usable quality. Conceptually, water quality refers to the characteristics of a water supply that will influence its suitability for a specific use (Kumar et al. 2007 ). The northern part of the study area is characterized by arid soils which are light yellowish brown to pale in color with calcareous concretions in the depth range of 75-100 cm. Soils are deep and moderately drained. Permeability is moderate to moderately low, and water holding capacity and natural fertility are generally poor. Loamy sand and sandy loam are the predominant types of soil met within this soil group. At places, patches of sand also occur. The southern portion of the region is characterized by desert soils, which are very pale brown to yellowish brown in color and are generally devoid of lime concretions. Soils are generally well drained to excessively drained and have low moisture holding capacity and high permeability. So, in the poor soil conditions, irrigation water quality matters for good agriculture practices.
This section reveals the variation in the levels of the parameters and its suitability for agriculture practice (Tables 8, 9 , 10).
Salinity index
Electrical conductivity is a useful and reliable index for the measurement of water salinity or total dissolved solids in water. Electrical conductivity in water is due to ionization of dissolved inorganic solids-minerals, salts, metals, cations or anions that dissolved in water. It is evident from the data in Table 11 that majority of the groundwater samples in the study were under high salinity class and suitable only for irrigating medium and high salt-tolerant crops. Salinity occurs due to weathering of rocks and release of soluble salts in the groundwater, mainly chlorides of sodium, calcium and magnesium and to a lesser extent, sulfates and carbonates. Typically, irrigation water salinity in arid and semiarid areas is greater than that of humid and sub-humid areas (Bauder et al. 2007 ). High salinity of irrigation water is responsible for salt accumulation in the root zone and leads to damage in plant cells (Greenway and Munns 1980) . Plants absorb water through a process of 'osmo-regulation,' and when the soil solution salinity is greater than the internal salinity of the plant, water uptake is restricted. High salinity can also lead to physiological drought conditions and ion toxicity (Zhu 2002) . Doneen (1964b) described potential salinity of irrigation water by pointing out that the suitability of water for irrigation is not only dependent on the concentration of soluble salts. It has been reported that the low-solubility salts precipitate and accumulate in the soil for successive irrigation, whereas the concentration of highly soluble salts increases the salinity of the soil (Siamak and Srikantaswamy 2009) . The average potential salinity of the study area varied from 1.71 to 17.48, 5.91 to 33.70 and 8.52 to 71.26 for sites 1, 2 and 3, respectively. It has been reported that chloride is not adsorbed by soils, but it moves readily with the soil-water into the crop. It travels in the transpiration stream and accumulates in the leaves. Thus, excessive chloride could cause necrosis (dead tissue) in plants which is often accompanied by early leaf drop or defoliation (Ayers and Westcot 1994) .
Sodium percentage (%Na)
Sodium is one of the important metals that serve as essential nutrients necessary for some biochemical functions. It is often found in natural waters due to its high solubility and frequently associated with salinity problems when linked to chloride and sulfate ions. Percent sodium is widely utilized to assessing the suitability of water for irrigation purposes (Wilcox 1948) . The % Na is computed with respect to relative proportions of cations present in water and calculated using the following formula:
In this regard, the %Na values and the corresponding EC of the waters were plotted within the Wilcox (1955) diagram (Fig. 4) to confirm the irrigation classes of the waters. Indeed, the waters were plotted within the excellent to good Na% = Na + × 100∕ Ca +2 + Mg +2 + Na + + K + (meq∕l) class, but most of the samples belong to doubtful to unsuitable class on account of the high %Na. Considering the irrigation water quality ratings on the basis of %Na (Table 12) reveals that majority of samples fall in good to permissible class but in combination with high electrical conductance making water unsuitable for irrigation use. Dissolution of minerals from lithological compositions and addition of chemical fertilizers are major causes of high Na%. Excess sodium concentration in irrigation water produces the undesirable effects. Soil dispersion is the primary physical process associated with high sodium concentration which is further assigned to reduced infiltration, reduced hydraulic condition and surface crusting (Shainberg and Letey 1984; Hanson et al. 1999; Bardhan et al. 2007 ). Increasing sodium concentration disperses soil and increasing salinity flocculates soil (Hanson et al., 1999) . High Na + interferes with K + and Ca +2 nutrition in plants and disturbs efficient stomatal opening and results in depression of photosynthesis and growth (Tayakkoli et al. 2010) .
Sodium adsorption ratio (SAR)
SAR is an important parameter for the determination of suitability of water for irrigation purpose because it is responsible for the sodium hazard in irrigation water. The proportion of sodium (Na + ) to calcium (Ca +2 ) and magnesium (Mg +2 ) ions in a water sample is expressed as SAR:
The degree to which irrigation water tends to enter into cation exchange reaction in soil can be indicated by the SAR. Excess sodium or high SAR values in waters produce undesirable effects of changing soil properties and reducing soil. Irrigation waters with high SAR tend to cause soils to disperse, form crusts, become compacted and have very low infiltration rate and poor air movement properties. Irrigation waters with high SAR replace adsorbed calcium and magnesium ions with sodium ions on soil particles, and soils tend to become deflocculated and relatively impermeable. Salts present in soil solution move downward while sodium adsorbed on the soil exchange complex does not and may have a different effect on soil physical and chemical properties. A severe reduction in infiltration is likely to occur with the condition of relatively low EC and high SAR. The classification of groundwater samples based on SAR values is shown in Table 13 . Majority of samples were found within the range of excellent to good category and for suitable irrigation use (except 2% samples in site 1).
SAR and salinity combination could be used to assess irrigation water quality in relation to infiltration or permeability problem. The US salinity diagram (Fig. 5) illustrates that most of the groundwater samples fall in the field of C 4 S 1 , indicating very high salinity and low alkalinity hazard and suitable only for crops having good salt-tolerance 
Kelly's index (KI)
Sodium measured against calcium and magnesium is used to calculate KI value (Kelly 1940) . However, nowadays, SAR is a more popular parameter to highlight sodium hazard and this parameter is not in common use. KI more than 1 indicates high sodium content and unsuitability for irrigation use, while the samples having KI less than 1 are suitable for irrigation. In the present study, KI values were observed in the ranges 0.12-2.09, 0.62-2.25 and 0.26-0.67 meq/l for sites 1, 2 and 3, respectively.
Residual sodium carbonate (RSC)
The excess sum of carbonate and bicarbonate in groundwater over the sum of calcium and magnesium also influences the quality of water. High carbonate and bicarbonate in water essentially increase the sodium hazard of the water to a level greater than that indicated by the SAR. High carbonate and bicarbonate tend to precipitate calcium carbonate and magnesium carbonate when the soil solution is concentrated during soil drying. RSC is an important parameter to evaluate the suitability of irrigation water and calculated by the following formula:
The classification of irrigation water based on RSC values (Table 14) represents that most of the samples belong to good category. Gupta and Gupta (1987) postulated residual sodium bicarbonate (RSBC) parameter for groundwater suitability and suggested the value < 5 mg/L to be most appropriate. It is calculated by the following formula:
In the study area, RSBC varied between − 3.62 and 7.46, − 3.6 and 6.3 and − 20.55 and 0.9 meq/l for the sites 1, 2 and 3, respectively. Calcium is one of the most abundant natural elements in the environment and generally found in all natural waters. It has higher concentration in water from limestone area when compared to that from non-calcareous area.
Magnesium hazard (MH)
Magnesium content of water is considered as one of the most important qualitative criteria in determining the quality of water for irrigation. A high level of magnesium is usually due to the presence of exchangeable sodium in irrigated soils. MH was introduced by Paliwal (1972) and calculated as MH value more than 50% has an adverse affects on the crop yield and soil structure. In the present study area, all the water samples had values more than 50%, which were unsuitable for irrigation purpose. Generally, calcium and magnesium maintain a state of equilibrium in most waters. More magnesium in water will adversely affect crop yields as the soils become more alkaline. Considering the irrigation water quality ratings based on Mg/Ca ratio shows that RSC = HCO (Table 15) .
Permeability index (PI)
As an extension, Doneen's (1964a) model for assessing the suitability of water for irrigation based on the PI was also used to classify the waters. PI is calculated by the following equation:
Accordingly, waters can be classified as Class I, Class II and Class III orders. Class I and Class II waters are categorized as good for irrigation with 75% PI or more. Class III water is unsuitable with 25% of maximum permeability. The calculated PI value ranges from 22.62 to 83.72, 44.61 to 84.19 and 30.32 to 48.72 in sites 1, 2 and 3, respectively (Fig. 6) . × 100∕ Na + + Ca +2 + Mg
+2

Gibbs groundwater chemistry
Gibbs diagram (Gibbs 1970) represents the ratio 1 for cations [(Na + K)/(Na + K + Ca)] and ratio 2 for anions [Cl/ (Cl + HCO 3 )] as a function of TDS to assess the groundwater chemistry. Figures 7 and 8 show that majority of the water samples belong to evaporation-crystallization zone which increases salinity by increasing Na + and Cl − with relation to increase of TDS. However, a few samples indicate the dissolution of rock minerals influencing groundwater chemical composition. 
Conclusions
The objective of this paper is to help the reader better understanding the geochemistry of groundwater in three different canal catchment areas of northwest Rajasthan. It was found that geology itself is the main cause of deteriorated groundwater quality in this area. High levels of TDS and F − are major water quality issues in drinking purpose, and community-based quality control equipments should be installed to avoid human health issues. Wise use of nitrogen fertilizers will reduce the risk of nitrate enrichment in groundwater. Mixing of canal water with groundwater could be the safe alternative in both drinking and irrigation. Selection of salttolerance species and frequent irrigation might reduce the risk of agricultural damage in the study area.
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